Abstract. Only morphological features of fossils are not enough to provide a broad history of the diversification of species. Researchers use additional approaches, such as Evo-Devo and molecular tools, to explain certain aspects of organisms' variability like the phenotypic plasticity and ontogenetic patterns, or phylogenomic relationships among groups. Unfortunately, mostly in view of the limitations present in both approaches, many researchers tend to favour either molecular tools or palaeontological evidence for their data analyses and rarely both. In this paper, I use three examples to show how a combination of both techniques in a cross-disciplinary way can enrich evolutionary research findings concerning interrelationships among different clades.
Historical background
It has been difficult to link the concepts of micro and macroevolution. While macroevolution focuses on phylogenetic clades and the morphological features associated with body plans, microevolution considers evolutionary processes within species and differentiating populations typically through changes in allele frequencies. It resembles a well-known dichotomy of the 19th century, between naturalists Cuvier and Saint-Hilaire, arguing for functionalism versus formalism (Gould, 2002) . The criticism of Cuvier about Saint-Hilaire's evolutionary theories was due to his scepticism in relation to gradual changes during the evolutionary process. As a comparative anatomist, but also dedicated to palaeontolo gy, Cuvier relied only on his fossil material, on which he could not observe the gradual change of one form to another. He explained the abrupt alterations of fossil forms as the result of catastrophic events, granting this palaeontological phenomenon a similarity to what would be later called "punctuated equilibria" (Gould and Eldredge, 1977) .
In the mid 19th century, following a Darwinian approach to biology in southeastern of Brazil, Fritz Müller proposed the first mathematical model of ecology and evolution. Müller (1864) also elaborated the first crustacean phylogeny based on ontogeny, concluding that the structural analogies revealed the species common ancestry (Breidbach, 2005) . This could justify Haeckel's biogenetic law that "ontogeny recapitulates phylogeny"; however, we know today that embryos develop in different ways. Thus, his Recapitulation Theory is now considered only a historical side note (Ehrlich and Holm, 1963; Blechschmidt, 1977) .
On the other hand, palaeontological discoveries may allow predictions for already extinct taxa. They can provide information about competition among organisms before a mass extinction event (Gould, 1980; Liow et al., 2015) , help elaborate models for the origin of a group (Benton et al., 2014) , understand the palaeoecology of a specific animal (Ferreira et al., 2015; Seilacher, 1985) , or even elucidate unknown features about the developmental patterns of ancient fossil organisms (Hughes, 2003; . The latter point already hints to the importance of combined efforts. Nevertheless, phylogenetic reconstructions can have very different topologies depending on the type of data used (morphological or molecular data; Donoghue et al., 1989; Eernise and Kluge, 1993; Smith, 1994; Morlon et al., 2011) . Today, with newly found fossils, adding more taxa to stem lineages, and the advent of new comparative molecular techniques, assembling the evolutionary history of different clades, combining these two different approaches, are gradually being achieved (e.g. Teeling et al., 2005) , but still not completely (e.g. Doyle, 1998; Brown et al., 2007; Marjanović and Laurin, 2007) .
The following three examples show how the use of palaeontological and molecular developmental data together can enlarge the understanding of phylogenetic uncertainties (e.g. Teeling et al., 2005; Donoghue and Benton, 2007) . Moreover, the higher congruence of information becomes noticeable (or not) when using both methods. The aim of this article is to show that contributions from different areas of knowledge, even with their own limitations, are important to understand Evolution and should be addressed in a cross-disciplinary way.
The homology in the avian hand
In spite of some hypotheses about birds being descendants of thecodonts (Feduccia, 1996) , it is virtually non-controversial that birds evolved from theropod dinosaurs (Pandian and Chappie, 1997; Gatesy and Middleton, 2010; Benson et al., 2012) . Perhaps one of the most intriguing issues concerning this relationship is about which wing digits of modern birds are homologous to dinosaur forelimb digits. Molecular developmental biologists and palaeontologists still diverge about it, mainly because of technical limitations, which are gradually being overcome such as gene-sequence acquisition and calibration of fossil evidence to ages (Lane et al., 1985; Warnock et al., 2015) . According to some researches involving developmental patterns, avian digits are identified as II-III-IV, while the fossil record shows instead theropods bearing digits I-II--III along with the reduction of digits IV and V, as in Herrerasaurus (Sereno and Novas, 1992; Sereno, 1993) , and in Archaeopteryx (Thulborn and Hamley, 1982; Burke and Feduccia, 1997) , for instance. In fact, some authors propose that, if avian digits are considered I-II-III like in their theropod ancestors, what we actually have are homoplastic traits (Burke and Feduccia, 1997; Kurochkin, 2006) .
Avian digits as I, II and III. This is the hypothesis defended most by palaeontologists due to two principal pieces of evidence: (1) that although some archosaurs have reduced digits, the remaining ones retain a conserved phalangeal formula (2-3-4-5-3), plesiomorphic for the group (Ostrom, 1976; Chatterjee, 1997) , and (2) the topographic relations between the semilunate carpal and its metacarpals correspondents. Throughout a simple phylogeny of the group, the progressive changing of the theropod manus becomes noticeable. While in Herrerasaurus, a basal theropod, the metacarpal V is reduced and has no distal carpal (Sereno, 1993) , Coelophysis (Colbert, 1989) and Eoraptor already lack the fifth metacarpal.
Avian digits as II, III and IV. Within the field of developmental biology, the digits of avian wings are identified as II, III and IV due to the process of limb formation. In their synthesis, Burke and Feduccia (1997) studied forelimb development in different amniotes, attesting a pattern conserved in all the specimens analysed. At the beginning, a primary axis of cartilage develops in a "Y" shape, branching into the radius and ulna. The digit IV arises as a linear distal expansion of the primary axis. Thus, it implicates that the fourth digit remains after limb development, despite what fossils show. The authors also assume that, because of the developmental pattern examined, the theropod forelimb illustrates an unusual example among tetrapod lineage, assuming this feature may have undergone a tough process of natural selection (Sereno and Novas, 1992; Sereno, 1993) .
In an attempt to conciliate both proposals, a new hypothesis called the Frame Shift Hypothesis was presented (Wagner and Gauthier, 1999; Wagner, 2005) , in which a change occurs in digit identity, wherein the developmental pathways associated to digits I-III are shifted to condensation identities II-IV. Besides, some neontological
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onychophorans as the sister group of all other euarthropods (Edgecombe, 2009; 2010; Legg et al., 2013) , placing tardigrades as their immediate outgroup. However, in some phylogenies tardigrades are nested within Cycloneuralia due to features like a telescopic mouth cone and a tripartite pharynx, with placoids in its bulb (Edgecombe, 2009) . Within Euarthropoda, which includes myriapods, crustaceans, hexapods and chelicerates and pycnogonids (Legg et al., 2013) , the relationships between hexapods and crustaceans (Pancrustacea hypothesis), in opposition to a myriapod-hexapod alliance, depict the first example of this paper intention.
Tracheata (or Atelocerata) hypothesis. This hypothesis considers myriapods and hexapods as a monophyletic group (Wägele and Kück, 2014 ) based on morphological traits only. Features like tracheae, Malpighian tubules, loss of the mandible telopodite, the retention of the first pair of antennae (and loss of the second) and a definite cephalic capsule are found in both groups but no molecular evidence is found to verify a possible homology. During a terrestrialization event, it seems evolutionary beneficial to develop a Malpighian tubule-like structure or a trachea--like organ, since many other groups have evolved such features (e.g. opilions, hexapods, pillbugs, vertebrates) during their land occupation. Only one study involving molecular data (Wägele and Stanjek, 1995) supports the Tracheata hypothesis in which myriapods and hexapods share a common ancestor . On the other hand, a lot more evidence is present when we analyse the rival hypothesis (e.g. Rota-Stabelli et al., 2011; Strausfeld and Andrew, 2011; Sombke et al., 2012) .
Pancrustacea (or Tetraconata) hypothesis. Wheeler et al. (1993) argue with assurance the existence of a hexapod-crustacean clade. Features that group them include, most importantly, eye structures (Harzsch and Hafner, 2006; Strausfeld, 2005) and neuroanatomical elements (Loesel et al., 2002; Harzsch, 2004; Ungerer and Scholtz, 2008) , the latter receiving strong support from molecular analysis results using Hox genes (Cook et al., 2001) , ESTs (Dunn et al., 2008) and nuclear gene sequences (Regier et al., 2010; Regier and Shultz, 1997) . It is widely agreed that myriapods, crustaceans and insects form a monophyletic group named Mandibulata. This distinction relies on molecular evidence (Regier et al., 2008) but also on palaeontological data. Namely, fossils can be traced back to the Cambrian Orsten lagerstätten and identified as stem-group mandibulates (Lauterbach, 1988; Moura and Christoffersen, 1996) , providing information about the mandible origin and a crustacean-like habitus (Edgecombe, 2010). In addition, mandibles present in Tetraconata crown-group resemble greatly those dated from the early Cambrian, supporting this hypothesis even more.
In any case, studies can exhibit artefacts in their results such as, for instance, an improbable alliance between chelicerates and myriapods (Hwang et al., 2001; Cook et al., 2001) named Paradoxopoda (or Myriochelata) that has no morphological support, with its resolution being highly sensitive depending on the outgroup (Rota-Stabelli and Telford, 2008) . data over Hox genes expression (Vargas and Fallon, 2005; Galis et al., 2005) may support the identity of the anteriormost digit in avian wing as digit I.
Turtles positioning among amniotes
The unusual body plan of turtles led to many suggestions about its origin (Ferreira, 2016) : again, palaeontologists and developmental biologists diverge. Moreover, the presence of an anapsid skull questions whether turtles are within the crown-group diapsids, or allied to parareptiles (Lee, 2013) , an extinct group of anapsid reptiles. Nevertheless, a classification based on temporal fenestrae seems simplistic, since this feature has undergone multiple changes throughout the evolution of amniotes (Müller, 2003) .
A recent reassessment of Eunotosaurus africanus, a reptile from the Late Permian of South Africa with broadened ribs, places it and turtles within parareptiles (Lyson et al., 2010; . Alternatively, as only shell features were analysed, it is possible that both Eunotosaurus and turtles have evolved these features independently. To corroborate such alliance, further anatomical studies are necessary (e.g. skull region could be efficient; Carroll, 2013) . Hypotheses including turtles within Diapsida are also recurrent, and have been supported mainly by genomic comparisons. The genomic data places turtles as sister-group to archosaurs (Crawford et al., 2012 ) -a group including crocodiles, birds and their extinct relatives. MicroRNA studies seemed to support either a turtle-archosaur alliance (Field et al., 2014) or a turtle-lepidosaur affinity (Lyson et al., 2012) . Genomic evidence implies that turtles' anapsid condition is secondary and so reveals no close relation to other anapsid reptiles. A potential stem-turtle from the Middle Triassic of Germany, exhibiting little upper and lower temporal fenestrae (Schoch and Sues, 2015) , appears to support a turtle-diapsid relation.
Morphology-only studies also diverge depending on the structures examined: a turtle-lepidosaur affinity relies on integumentary data (Hill, 2005) and relationships with archosaurs are based on microstrucutures of both carapace and plastron (Scheyer, 2007) . A potential relation between turtles and parareptiles was tested verifying the histology of osteoderms from pareiasaurs (Scheyer and Sander, 2009) , showing that these structures are not completely homologous to the turtle shell. To broaden the discussion even more, developmental heterochrony analyses ) may support a basal position for turtles within amniotes (ontogeny does recapitulate phylogeny after all?).
Conclusions
In summary, many studies try to conciliate palaeontological and neontological data, in virtue of a more complete set of data. This paper showed just three, but the literature is replete of other cases (e.g. Kröger et al., 2011; Edgecombe, 2009; 2010; Legg et al., 2013; Scheyer et al., 2013) . Both approaches present limitations: while palaeontology relies mostly on fragments and traces of past lives, molecular tools, such as molecular clocks, are also limited, which becomes evident when calibrated by fossils (e.g. Sanderson and Doyle, 2001; Sauquet et al., 2011; Kenrick et al., 2012) . However, palaeontology provides the fourth dimension of time, and together with quantification and data multiplicity of molecular tools (Sepkoski and Ruse, 2009 ) allows us to better understand the gaps in the fossil record. Combining all these data and establishing links among them can greatly enrich scientific results concerning the evolutionary biology area, which was not practicable decades ago, showing there are not fields of investigation more or less appropriated to investigate evolutionary aspects.
In a putative comparison, palaeontological and molecular developmental approaches could be representatives of macro and microevolution, respectively. Yet, what if, as Gould (1977) stated, macroevolution is nothing but an extension of microevolution?
